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Introduction
The relevance of studies of breast tumours in dogs is associated with their widespread use as a model for the study of this disease, due to the similarity of occurrence, clinical signs, in particular the age of development, hormonal etiology, course, as well as factors affecting the prognosis -cell sizes, stages, and invasion of the lymph nodes (Pollan et al., 2009; Abdelmegeed & Mohammed, 2018) .
Studies on the study of breast tumours in dogs, including clinical features, malignant transformation, histogenesis, and epithelial-mesenchymal interactions, provide new information needed to determine their clinical and biological behaviour (Cassali et al., 2012) . Gerry & Malcolm (2007) , based on a retrospective evaluation of the neoplasia process in the breast, identified 4 statistically significant negative prognostic indicators of survival: lack of therapy, the presence of distant metastases including in lymph nodes, and the size of the primary focus, thereby forming clinically important criteria for disease prediction, development of an effective treatment protocol and application for statistical processing and formation of a single base.
Currently, the issue of identifying new biological markers to determine the interaction of hemostasis and mechanisms of neoplasia development and to improve the prevention of thrombotic disorders in this pathology is being actively investigated in human medicine (Falanga et al., 2013) . In humans, neoplasia factors of blood coagulation and fibrinolysis, such as tissue factor, thrombin, fibrin, plasminogen activators, plasminogen, and platelets, have been shown to stimulate angiogenesis, thereby contributing to disease progression (Wojtukiewicz et al., 2001) . Some researchers have shown that increased coagulopathy is due to the ability of tumour cells to produce procoagulatory/fibrinolytic factors and proinflammatory cytokines to initiate the formation of acute-phase proteins and paraproteins (Caine et al., 2002) . At the same time, the degree of hemostatic balance disturbances is influenced by the intensity of the inflammatory response that accompanies the neoplastic process (Marschner et al., 2018) . Moreover, haemostasiological dysfunction is often reported in dogs, but such studies are isolated, in most cases descriptive and not systematic. In particular, they have been described for malignant lung tumours in this species. However, against the background of increased fibrinogen content and acceleration of activated partial thromboplastin time in all cases, metastasis was significantly higher in these markers compared to locally invasive and non-invasive lesions (Andreasen et al., 2012) .
Despite established hemostatic abnormalities in breast carcinoma in dogs, higher levels of coagulopathy are likely in patients with stage III and IV neoplasia, as well as in the presence of metastases, significant areas of necrosis, and pronounced inflammatory response (Stockhaus et al., 1999) . Disseminated intravascular coagulation syndrome is not "typical" in all cases and the degree of the disease correlates with hypercoagulation (Vilar Saavedra et al., 2011) , due to which hyper-, normal and hypocoagulative conditions are possible for thrombosis (Bauer & Moritz, 2013) . According to Kristensen et al. (2008) in malignant neoplasms of the breast, the state of hypercoagulation is diagnosed in 50% of patients, whereas hypocoagulation, which is caused by metastasis, is diagnosed in 17 % of dogs.
In human medicine it has been proved that the participation of hemostatic proteins in the pathogenesis and progression of neoplasia is not limited to their role in the mechanisms of thrombus formation, they are actively involved in the biology of tumours, and therefore have a potential predictive value. In particular, fibrinogen, fibrin and their breakdown products cause pro-inflammatory action, impaired endothelial function with platelet activation, contribute to the development of the vascular system of the tumour by stimulating proliferation, migration, and differentiation of endothelial cells, as well as metastasis (Chapin & Hajjar, 2015; Kolodziejczyk-Czepas et al., 2017) .
The dynamics of thrombin formation, which plays a key role in the coagulation cascade, is highly dependent on specific factors involved in blood clotting (Adesanya et al., 2016) and correlates with high levels of tissue factor malignancy in malignancies, especially with disease progression (Gruber et al., 2016) . A prognostic indicator of the neoplasia process in dogs that characterizes its progression is the degree of expression of oxidative stress by serum malondialdehyde, which is associated with tissue damage (Macotpet et al., 2013) . Matrix metalloproteinases and their tissue inhibitors, which are involved in the progression of the disease, providing structural and vascular support for tumour growth, are considered biological markers for predicting the development of breast tumours (Aresu et al., 2011) .
Thus, markers of hemostasis and endothelial function are key factors that determine the procoagulatory profile of a tumour, which is important for addressing directed antithrombotic prophylaxis and therapy (Docampo et al., 2011; Marchetti et al., 2012) . At the same time, despite the available publications on hemostatic disorders in tumours in dogs, only the fact of the development of hypercoagulation has been confirmed, while the role of the hemostasis system in the pathogenesis of neoplasmic lesions has not been established. This situation is related to the complexity and versatility of the mechanisms of development of tumours, including the involvement of coagulation factors and blood proteolysis. Therefore, studies of the hemostasis system for breast neoplasia in dogs remain relevant, given the possibility of using their results to predict the course of the disease, develop effective treatment protocols, and prevent recurrence and metastasis.
Taking into account the established patterns of violation of hemostatic balance, endothelial function and the presence of other paraneoplastic syndromes in dogs with neoplasms of the breast (Bely et al., 2018) , we studied the characteristics of their changes at different sizes of tumour foci.
The purpose of the study is to determine the features of disorders of the hemostasis system and endothelial function in different sizes of breast tumours in dogs and their significance in predicting the course of the disease.
Materials and methods
The studies were conducted in accordance with the requirements of the European Convention on the Protection of Vertebrate Animals (Strasbourg, 1986) After the anamnesis was collected, the features of the clinical course of the neoplasia process were determined, the markers of the hemos-tasis system and the pathomorphological structure of breast tumours were investigated, taking into account the size of the lesion. The patients were divided into groups according to the size of the neoplasms (up to 2 cm, 5-7 cm, and 10 cm and more) and histological type, the number of animals with benign forms was 4, 15 and 9, and malignant -5, 12 and 10 dogs, respectively.
Benign neoplasia was presented by fibroadenomas, malignant carcinomas (simple and complex) of 1-3 stages, without metastases in regional lymph nodes and distant organs and tissues, in particular, lungs.
The study of coagulation potential was based on the determination of fibrinogen concentration (Belicer et al., 1997) , soluble fibrin (Vareckaja et al., 1992) , duration of activated partial thromboplastin (set of reagents from Simko LTD, Lviv) and prothrombin time (Quick, 1974) .
The study of the state of the fibrinolysis system (by area of lysis (mm 2 ) of the fibrinous blood clot), which included determination of the total fibrinolytic activity of blood plasma, plasmin activity and activity of tissue plasminogen activator was performed by the method of fibrin plates according to Astrup & Millertz (1952) . The inhibitory potential was determined by the plasma content of the α 1 -inhibitor of proteinases and α 2 -macroglobulin (Veremeenko et al., 1978) .
Among biochemical parameters, we investigated the content of total protein by biuretic reaction, albumin -by reaction with bromcresol green, ceruloplasmin -by the method of Ravin, malonic dialdehydeby the method of Andreeva et al. (1988) , nitric oxide - Golikov (2004) . Pathomorphological verification of the tumours of the mammary gland was performed by microscopy of thin histological sections stained with hematoxylin and eosin according to the conventional method (Goral's'kij, 2015) .
Statistical processing of the results was performed using Statistica 10 (StatSoft Inc., USA, 2011). A Bonferroni-corrected ANOVA was used to determine the difference between the samples.
Results
The content of fibrinogen at different sizes of breast tumours in female dogs had certain patterns (Table 1) . For any pathomorphic type of neoplasia 5-7 cm in size, its concentration did not go beyond the parameters of clinically healthy dogs. In benign neoplasms, the level of fibrinogen in patients with small tumours (up to 2 cm) exceeded the physiological norm by 1.24 times (P < 0.05), giant (more than 10 cm)by 1.81 times (P < 0.001), and in malignant neoplasia -by 1.39 (P < 0.01) and 2.39 (P < 0.001) times, respectively. With increase in the size of the neoplasmic lesion from 2 to 5-7 cm, its concentration did not change significantly. At the same time, the content of fibrinogen increased by 1.69 times (P < 0.001) and malignant 1.95 times (P < 0.01) as the process progressed and increased from 5-7 to 10 cm or more. The increase in the size of breast tumours was accompanied by an increase in soluble fibrin accumulation (P < 0.001) in all groups. In benign neoplasms, its content was found to increase in patients with giant tumours (≥ 10 cm), relatively small (≤ 2 cm) -1.29 times (P < 0.05), medium (5-7 cm) -1.39 times (P < 0.01). The content of soluble fibrin in malignant tumours of size 5-7 cm and more than 10 cm exceeded the values of dogs with neoplasia by up to 2 cm, by 1.33 (P < 0.05) and 1.54 (P < 0.01) times, respectively, against the background of no significant difference between these groups.
Against the background of excessive accumulation of fibrin and soluble fibrin, there was an increased consumption of plasma hemostasis factors, which was accompanied by activation of internal and external blood coagulation pathways and was reflected in the dynamics of activated partial thromboplastin and prothrombin tests (Table 2) . Activated partial thromboplastin time for benign tumours of small size (up to 2 cm) was accelerated 1.46 times (P < 0.01), with an increase in their magnitude their parameters increased, in patients with neoplasms 5-7 cm they were within the physiological norm, and in those with tumours over 10 cm they lengthened 1.23 times (P < 0.01), indicating a deepening of the coagulation factor deficiency. In this case, relatively small neoplasia activated partial thromboplastin time was slowed 1.39 times (P < 0.05) for values of 5-7 cm and already 1.80 times (P < 0.001) for tumours over 10 cm against the 1.30 times difference between these groups (P < 0.05). At the same time, for any size of malignant tumours, the activated partial thromboplastin time was delayed 1.52-1.65 times (P < 0.001) against the background of no significant difference between the groups.
A similar situation was observed in dogs with benign neoplasms regarding prothrombin time. If for tumours up to 2 cm, it corresponded to the index of clinically healthy animals, then with the increase of their size up to 5-7 cm, it extended 2.25 times (P < 0.01), and for tumours more than 10 cm -2.92 times (P < 0.001), compared to clinically healthy bitches -2.61 and 3.38 times (P < 0.001), respectively, for the difference between these groups in 1.30 times (P < 0.05).
In malignant neoplasms, the progression of the process was accompanied by prolongation of prothrombin time that exceeded that of clinically healthy dogs for tumours up to 2 cm -1.82 times (P < 0.01), 5-7 cm -4.36 times (P < 0.001), tumours over 10 cm -5.35 times (P < 0.001). At the same time, compared to small neoplasia (up to 2 cm), it was larger (P < 0.001) for tumours of 5-7 cm by 2.40 times, more than 10 cm -2.94 times, against the background of no significant difference between these groups. Thus, for breast tumours, the activation of the coagulation unit of the hemostatic system occurs mainly through an external mechanism stimulated by a tissue factor, the formation of which occurs both directly by neoplastic cells and as a result of tissue damage. In this case, the violation of fibrinogen metabolism and the deepening of the hypercoagulable state, in particular due to the deficiency of plasma coagulation factors, with an increase in the size of tumours, indicate the formation of a stage of coagulopathy of consumption of disseminated intravascular coagulation syndrome.
At the same time, the analysis of fibrinolytic activity at different sizes of breast tumours in dogs allowed us to establish certain regularities (Table 3 ). In particular, despite the benign tumours, the dynamics of suppression of total fibrinolytic activity did not allow us to detect a significant difference between its parameters in the group of neoplasms of about 2 cm and more than 10 cm, regardless of the size of the tumour, it was significantly lower than in clinically healthy animals 1.20-1.33 times (P < 0.05; P < 0.01). In malignant neoplasia, their size did not affect the level of total fibrinolytic activity -in all cases, its suppression was recorded, compared with clinically healthy animals. At the same time, it was significantly lower (P < 0.05) for tumours over 10 cm relative to the indicator for small (up to 2 cm) tumours.
At the same time, plasmin activity, compared to the index for clinically healthy dogs, was suppressed by -1.38 times (P < 0.01) for benign tumours more than 10 cm while for values up to 2 cm and 5-7 cm it fluctuated within the physiological norm. In patients with malignant neoplasia up to 7 cm, its index was not significantly different from clinically healthy animals, and with malignant neoplasia over 10 cm -a 1.33 times (P < 0.05) decrease was registered against the background of no significant difference between groups.
At the same time, inhibition of tissue plasminogen activator level in malignant neoplasms was found to be 1.62-2.03 times (P < 0.01) without significant difference, depending on their size. For benign neoplasia, its activity was reduced only in patients with neoplasia of 5-7 cm in size.
That is, the reduction of total fibrinolytic activity occurred mainly due to the tissue plasminogen activator, which reflects the degree of neoplasm aggression. The increase in coagulation potential, as an indicator of paraneoplasia syndrome, was accompanied by activation of the proteolytic unit of blood (Table 4 ). In benign neoplasia, the level of the α 1 -inhibitor of proteinases, compared with clinically healthy animals, regardless of size, was increased 1.11-1.20 times (P < 0.05) without significant difference between the groups.
In the case of malignant neoplasms of giant size (≥ 10 cm), its activity decreased by 1.15 times (P < 0.05), against a 1.11 times (P < 0.05) increase in patients with average size tumours (5-7 cm). A significant difference in the content of the α 1 -inhibitor of proteinases in the group of 5-7 cm was established, compared with values up to 2 cm and more than 10 cm -by 1.21 (P < 0.05) and 1.28 (P < 0.01) times, respectively. At the same time, the content of α 2 -macroglobulin in animals with benign breast tumours up to 2 cm in size was at the level of clinically healthy animals, while with 5-7 cm tumours it increased (P < 0.05) 1.19 times, and with tumours over 10 cm -1.24 times. Compared to small neoplasms (≤ 2 cm), as the neoplasia process progressed, its activity increased 1.13 times (P < 0.05). In the case of malignant types of breast tumours, the level of α 2 -macroglobulin increased relative to the index of clinically healthy dogs by 1.25-2.03 times (P < 0.05; P < 0.001). With relatively small tumours its activity increased by 1.16 times (P < 0.01) for tumours 5-7 cm in size), for tumours over 10 cm by 1.63 times (P < 0.001), between these groups -by 1.41 times (P < 0.001). In most females dog with neoplasms of the breast, regardless of their histomorphogenesis, there is a significant activation of lipid peroxidation, as evidence of a violation of the antioxidant status of the body and the formation of endotoxicosis (Table 5 ). The increase of accumulation in the serum of malondialdehyde is shown by the increase of oxidative stress and endotoxicosis in the case of growth and progression of the neoplasia: small sizes (up to 2 cm) -by 1.29 times (P < 0.05), average (5-7 cm) -1.41 times (P < 0.01), giant -1.70 times (P < 0.001). In malignant neoplasms, a similar dynamic was reported, with significantly higher content in the blood (P < 0.001), compared to clinically healthy animals, at 1.58, 2.22 and 2.73 times, respectively.
Malonic dialdehyde content in large (more than 10 cm) benign tumours exceeded the rates in patients with small (≤ 2 cm) foci by 1.32 times (P < 0.01), median (5-7 cm) by 1.21 times (P < 0.05). For malignant types, the concentration of malondialdehyde increased by 1.40-1.73 times with increasing magnitude (P < 0.01, P < 0.001).
At the same time, the level of endothelial function of nitric oxide relative to the index of clinically healthy animals in patients with benign small and medium (5-7 cm) tumours did not differ significantly from it, and in animals with large tumours (≥ 10 cm) -exceeded it by 1.27 times (P < 0.05). The increase in the size of the neoplasm was accompanied by an increase in the production of nitric oxide and its excess concentration in the blood. In particular, its content for neoplasia of 5-7 cm and more than 10 cm exceeded the corresponding values for tumours up to 2 cm by 1.22 (P < 0.05) and 1.42 (P < 0.01) times, respectively, against the background of the difference between these groups of 1.17 times (P < 0.05).
In malignant neoplasms, the content of nitric oxide exceeded the physiological norm against the tendency to increase as the process progresses. In particular, tumour growth of up to 5-7 cm was characterized by an increase in the level of nitric oxide by 1.34 times (P < 0.01), up to 10 cm and more by 1.50 times (P < 0.001), with a difference of 1.12 times (P < 0.05).
The concentration of ceruloplasmin in benign neoplasia was lower than in clinically healthy dogs by 1.10-1.32 times (P < 0.05, P < 0.001). At the same time, its concentration in tumours of 5-7 cm and more than 10 cm was higher than in those of up to 2 cm by 1.15-1.20 times (P < 0.05, P < 0.01) against the background of no significant difference between these groups.
In female dogs with malignant tumors up to 2 cm, the content of ceruloplasmin was below the physiological norm by 1.26 times (P < 0.01), and in bitches with malignant tumours of 5-7 cm and more than 10 cm it did not differ significantly from the norm. At the same time, the indices of these groups were 1.28-1.33 times higher than for small neoplasia (≤ 2) (P < 0.01). That is, the presented results confirm the decrease of the antioxidant status of the organism due to the increase of lipid peroxidation processes, which increase with the size of the neoplasms, but primarily due to their malignant genesis. In dogs with breast neoplasia, there was hypoproteinemia, which, however, was not accompanied in most cases by significant changes in serum albumin concentration (Table 6 ). Animals with benign tumours had hypoproteinemia, regardless of their size. However, for small size neoplasia (≤ 2 cm), the total protein content was below the index of clinically healthy animals (64.2 g/L) 1.23 times (P < 0.05), whereas for large sizes (≥ 10 cm) it was already 1.47 times lower (P < 0.01). In ma-lignant tumours up to 7 cm in size, the level of total protein was not significantly different from clinically healthy animals, but a further increase in tumour size was accompanied by a decrease in its concentration by 1.60 times (P < 0.01).
Table 6
Content of total protein and albumin in the serum of dogs in different sizes of breast tumours (x ± SЕ) Malignant ≤ 2 5 55.6 ± 3.5 28.6 ± 3.1 5-7 12 60.4 ± 3.9 31.7 ± 1.6 ≥ 10 10 40.2 ± 1.9**••°° 26.6 ± 3.8
Note: see Table 1 .
Total protein content in animals with neoplasms greater than 10 cm was significantly lower than in patients with small tumours: in benign tumours 1.19 times (P < 0.05), malignant -1.38 times (P < 0.01), and with medium sized tumours in the first case it significantly did not change, in the second it decreased 1.5 times (P < 0.01). The serum albumin concentration of patients with breast tumours did not go beyond that of the clinically healthy dogs and did not depend on tumour size.
Thus, an increase in the size of breast tumors in dogs is accompanied by an increase in blood coagulation potential against the background of a worsening of coagulation deficits, which indicates an increase in neoplasia aggression and a deterioration in prognosis. The level of markers of the hemostatic system and endothelial function correlates with the magnitude of the tumours and can be used to predict the course of the disease and to evaluate the effectiveness of treatment interventions.
Discussion
Cancer-related thrombosis remains a major complication in cancer treatment and confirms the relationship of the hemostasis system with cancer biology (Ruf et al., 2016) . Thrombosis is often diagnosed as the first symptom in patients with tumours, and the clinical management of hypercoagulation in cancer patients remains difficult due to the concomitant changes in the factors that predispose the risk of severe bleeding. Therefore, research aimed at better understanding of the interaction of the hemostasis system with the biology of neoplasms remains a priority (Graf & Ruf, 2018) .
At the same time, given that there is a significant degree of similarity between certain breast tumours in dogs and humans (Al-Mansour et al., 2018) , further studies are needed to carefully evaluate the diagnostic and biological role of markers, and to clarify whether dogs provide a suitable model for the study of human breast cancer (Burrai et al., 2015) . In particular, it has been shown that the proteins of the hemostatic system affect various stages of metastasis, angiogenesis and proteolytic mechanisms (Sierko & Wojtukiewicz, 2007; Lima & Monteiro, 2013) , and malignancy is associated with changes in the hemostatic system that occur in the form of thromboembolic disorders (Wojtukiewicz et al., 2004) , which is reflected in the results of our studies, in particular, increased hypercoagulation with increase in the size of tumours in bitches.
Evaluation of hemostatic markers, which reflect the activation status of the internal and external blood coagulation pathways, is of some importance in the diagnosis, treatment, and prognosis of its efficacy in bitches suffering from mammary tumours. In this case, Kaszak et al. (2018) believe that biological markers of cancer have not been well studied, although their identification is very important for early diagnosis of tumours and for evaluating disease progression and the response to chemotherapy. First of all, this concerns such indicators as the level of fibrinogen, the degree of accumulation in the blood of soluble fibrin, consumption of plasma factors of hemostasis, duration of activated partial and prothrombin time, total fibrinolytic and plasmin activity, as well as the concentration of ceruloplasmin and other biological markers.
Future studies, both prospective and retrospective, will help determine their prognostic value in veterinary oncology (Peña et al., 2014) .
Based on breast carcinoma, the prognostic significance of the clinical stage, one of the indicators of which is the magnitude of neoplasia, and histological structure have been proved (Cerovšek et al., 2013) . At the same time, the question of the relationship between breast neoplasms and their aggressiveness is under discussion (Ferreira et al., 2009) , which is associated with the use of clinical criteria in most cases, whereas hemostatic disorders in different tumour sizes have not been studied. In particular, despite the widespread belief that malignancy in dogs is benign in 50% of cases, there has recently been a growing number of reports of malignancy with predominant localization in inguinal mammary glands and > 3 cm in size (Ariyarathna et al., 2018) .
The results obtained are consistent with those of other authors, according to which an increase in the degree of TNM, which is characterized by an increase in the size of lesions, invasion into the surrounding tissues and the development of metastases, worsening of the clinical prognosis, which is reflected in a decrease in patient survival. However , no pathomorphological type dependence has been established within malignant and benign tumours (Yamagami et al., 1996; Benavente et al., 2016) . In particular, the survival of two years is significantly associated with clinical stage, tumour size, metastasis to regional lymph nodes or distant tissues and organs, and histological classification. Tumours larger than 5 cm in diameter, detected 6 months before surgery had a high incidence of lymph node metastasis (Chang et al., 2005) .
The significance of clinical evaluation of breast tumours is confirmed by the results of Goldschmid et al. (2011) and Soares et al. (2017) , according to which the survival rate of dogs with stage III cancer was significantly lower compared to stage I and stage II against the background of absence of differences between stage II and stage III, in which the prognosis is unfavourable. Dogs with stage III non-differentiated carcinomas were at increased risk of death compared with differentiated stage I and stage II cancers.
The established dependence of the level of thrombotic disorders on the magnitude of breast tumours in dogs agrees with the proven increase in the frequency of involvement in the process of lymph nodes, blood vessels and skin as it grows in size (Orang et al., 2013) . In particular, the volume of the breast lesion determines the incidence of metastasis to the inguinal lymph nodes (Morrow, 2016) .
In human medicine, the proliferation of the process into other tissues and their damage, which usually accompanies an increase in the primary neoplasia lesion (Maslyakova et al., 2017) , is accompanied by an increase in coagulation mechanisms, which is consistent with the results of our studies of haemostasis and biochemical markers in dogs with breast tumours. Based on the evaluation of hematological, biochemical and hemostatic disorders in breast tumors, Duda et al. (2017) have linked hyperfibrinogenemia and D-dimer elevation to the size and degree of neoplasia progression in a manner consistent with our findings. In this case, unlike the hyperproteinemia in dogs with breast neoplasia established by Lallo et al. (2016) , we reported a decrease in total protein content. One of the reasons for the prolonged coagulation tests (duration of activated partial thromboplastin and prothrombin time) is probably the inflammatory response, as indicated by Bauer & Moritz (2013) .
That is, the course of the neoplasia process is characterized by an increase in the inhibitory potential of the blood in the case of disease progression with an increase in the size of the tumour foci, reflecting the course of the acute-phase reaction. In this case, malignancies show a deficiency of the α 1 -inhibitory potential of the blood due to the high level of proteolytic aggression of the tumour. At the same time, excessive production of α 2 -macroglobulin reflects the T-cell level of specific immunity. Despite some differences as to the importance of size as a prognostic factor in which the T-criterion changes, most studies confirm the usefulness of the classification system, given that tumour size is likely to be prognostic. The prognosis is likely to change gradually with increasing tumour size, but the modified system records significant changes in prognosis based solely on tumour size (Sorenmo et al., 2011) , though this is important given that the disease progression occurs in 95% of cases (Marconato et al., 2009) . Along with the histological type, clinical stage of TNM and tumour size remain important prognos-tic factors for breast cancer in dogs, but this issue needs further study to determine rational local and general conservative therapy as well as surgical boundaries (Philibert et al., 2003) .
Thus, the results obtained by us are consistent with the general patterns of disorders of the hemostatic system and endothelial function in breast tumours and indicate their strengthening in case of increase in the size of neoplasia foci, which may indicate an increase in the aggressiveness of tumours. In our opinion, further research in this area is desirable, which is likely to determine the relationship between hemostatic balance and other factors that cause neoplasm malignancy.
Conclusions
In the course of the development of breast neoplasia in dogs, tumour cell metastasis, certain dynamics of the ratios of procoagulatory, anticoagulant mechanisms and the fibrinolysis system that underlie oncogenesis arise. Against the background of multiple vectors of changes in hemostatic signs for breast tumours in dogs, an increase in their magnitude is accompanied by a deepening of hypercoagulable state and disorders of endothelial function, activation of proteolysis and development of oxidative stress and endotoxemia, indicating the presence of direct correlation between the size and invasiveness of neoplasm.
Progression of disturbance of hemostatic balance in the case of increased neoplasia is mainly due to the excessive activation of the extrinsic blood coagulation pathway, which is triggered by a tissue factor, although there is also evidence of an increased imbalance of the internal coagulation mechanism associated with endothelial function.
Generalized results of clinical and experimental studies indicate that the system of clinical and morphological and hemostatic criteria allows one to assess the degree of aggressiveness of the tumour process, which is especially important at the stage of early pre-operative diagnosis and control of the effectiveness of treatment for neoplasia of the breast in female dogs.
